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Abstract
The presentation describes the search for new SEWGS sorbents by using high throughput 
techniques. In total 432 new sorbent formulations have been prepared, partly 
characterized and more than 300 sorbents have been evaluated under realistic conditions 
in a three cycle adsorption-desorption test. From the evaluation, a comparison with the 
existing state-of-art sorbents has been made, and four leads have been selected for up-
scaling and testing for sorption performance and particle stability under SEWGS 
conditions.
© 2010 Elsevier Ltd. All rights reserved
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Introduction 
Sorbent enhanced reaction process is a common term for processes where the reaction equilibrium is 
shifted due to the removal of one of the product species from the reaction mixture by sorption.
1
Both 
sorbent enhanced steam-methane reforming (SESMR) and sorbent enhanced water-gas shift (SEWGS) are 
processes where CO2 sorbents are used to shift the equilibriums towards higher hydrogen yields.
2
For the SEWGS process the sorbent that has been studied most is potassium promoted hydrotalcite (K-
Both 
processes are potential future pre-combustion technologies for efficient CO2 free power production based 
on gas-solid interactions.
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HTC).
3
In the process a mixture of sorbent and WGS catalyst pellets is used in one or more fixed bed 
reactors. The SEWGS process is typically run at 350-550°C at pressures around 30 bar. The inlet gas is 
typically a hydrogen rich mixture of CO and CO2 where steam is added to shift the CO to CO2 and produce 
more hydrogen by the equilibrium reaction:
CO + H2O  CO2 + H2 (1)
At the same time CO2 reacts with the sorbent, although the exact nature of this interaction has not currently 
been fully elucidated:
CO2 + K-HTC  K-HTC-CO2 (2)
The total reaction is then shifted towards the right hand side increasing the total hydrogen yield:
CO + H2O + K-HTC  H2 + K-HTC-CO2 (3)
Beside the sorption characteristics (shape of isotherm) and the working capacity of the sorbent, also 
kinetics of sorption and desorption will affect the process performance and thus the potential purity of the 
outlet hydrogen. In addition, the chemical and mechanical stability of the sorbent pellets upon prolonged 
cycling will be important for the operating cost of the process.
Although K-HTC shows quite stable performance and cyclic capacity at the relevant process conditions 
there is room for improvement,
4
both with respect to cyclic capacity and chemical and physical stability of 
the pellets. For example, it has been shown that MgCO3 can be formed when using K-MG70 during long 
term operation.
5
In this paper we describe the use of high throughput techniques in the search for more efficient sorbents 
for the SEWGS process. The high throughput equipment used allows parallel preparation of 48 different 
sorbents by using various impregnations, drying and calcination sequences. In a modified 48 reactor setup 
we have been able to run 8 parallel 3 cycle breakthrough experiments to evaluate the sorbents. In the 
following the more technical results have been given. The use of parallel techniques allowed the evaluation 
of more than 300 sorbent compositions and preparation procedures at much lower cost and much faster 
than using conventional sequential methods.
The formation of bulk MgCO3 can lead to the mechanical degradation of the material.
Experimental 
All sorbents were prepared by impregnating water solutions of various metal-	
  -
alumina (SASOL alumina spheres 0.6/170) or silica (FLUKA Silica gel 100, 0.5-0.5 mm) using the 
incipient wetness method.
6
For the evaluation of sorption properties we have modified an existing high temperature (<800°C) and 
high pressure (<40 atm) fixed bed reactor setup to run breakthrough measurements. A schematic drawing 
of the setup is shown in Figure 1. Eight sorbents can be evaluated in one run, but due to the need for 
continuous analyses for all gaseous species present until breakthrough in each reactor, the tests are carried 
out sequentially. By doing this, only one analyser (in our case a mass spectrometer, MS) is needed and an 
eight-position valve is used to select the effluent gas to be analysed. A typical experiment is carried out as 
follow. First inert gas is flown through all eight reactors while the wanted gas mixture (in most cases 3 atm 
H2O, 10.8 atm CO2 and 16.2 atm N2) is being equilibrated through the empty “dummy” reactors. The 
reactor temperature has been set to 400°C in all runs and the total pressure is 30 atm. When the system is 
stable the experiment starts by switching the feed of reactor one from inert (in our case 3 atm H2O in 27 
atm He) to the H2O/CO2/N2 gas mixture while monitoring the effluent gas composition from reactor one 
with the MS. When breakthrough has been reached (or after a set time) the two-way valve of reactor one is 
again switched to run inert gas over the sorbent. At this point regeneration of the sorbent in reactor one 
Stepwise impregnations have been carried out by using a fully automated 
Zinsser Lissy robot. A thermal treatment was carried out between each impregnation to make available 
pore volume for the subsequent impregnation step. Final sorbents have been calcined at 500°C before 
performance evaluation. 
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starts. At the same time the eight-way valve is switched to reactor two and the two-way valve of reactor 
two is switched to run feed gas over the sorbent of reactor two. When breakthrough of reactor two has been 
reached, the same procedure is used on reactor three and sequentially over all eight reactors. A second 
cycle can then be done by starting the sequence all over again with reactor one. The typical time needed to 
monitor one breakthrough curve is 10 minutes, so each sorbent will experience a regeneration time of 70 
minutes in the presence of 3 atm H2O in 27 atm He. Three cycles are run for each experiment to avoid 
erroneous conclusions drawn from a single test and to get an estimate on the cyclic capacities of the 
sorbents. 
Figur 1 Schematic drawing of the 8-line setup used for “parallel” evaluation of eight different sorbents
The micro reactors used have been loaded with 200 µl sorbent having particle size distribution from 
400 to 600 µm. The bed height in the reactor is around 1.5 cm. The total feed flow is 15 ml/min, and an 
additional flow of argon of 25 ml/min is added after the reactors to satisfy the MS gas feed requirements.
Results and discussion 
In total, 432 new sorbent formulations have been prepared during the present study. Typically, 2-5
different elements have been impregnated onto porous alumina or silica. Both the total elemental loading 
and the molar ratio between the various elements have been varied and optimized. In some cases it was 
observed that the sorbent particles had partly disintegrated during preparation. These sorbents were not 
evaluated with respect to sorption performance. Totally more than 300 sorbents were evaluated by the three 
cycle breakthrough test as described in the experimental section. 
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Figure 2 show typical MS traces from a breakthrough test. Individual traces are observed for CO2, N2,
H2 and He. Since N2 is a non-adsorbing gas at these conditions, we have used the N2 trace to define the 
breakthrough of non-adsorbing gases, which essentially means that in each run a simultaneous blank 
measurement is also preformed. As a quick measure of the capacity of a given sorbent the distance between 
the turning point of the N2 trace (where the 2
nd
derivative  is zero) and the turning point of the CO2 trace 
was measured. 
Also, it is interesting to observe that the levels of the CO2 traces during sorption are different for 
different sorbents. We believe this difference give valuable information about the CO2 slippage during 
sorption which strongly will determine the purity of the hydrogen produced. A higher level of the curve 
means a higher slippage. In Figure 2 it is clearly seen that the slippage before the first breakthrough is 
significantly higher than that observed before the 2
nd
, 3
rd
and 5
th
breakthroughs. The slippage before the 4
th
breakthrough is comparable to the first. This information need to be further analyzed and taken into 
consideration when up-scaling the sorbents and testing in larger and more realistic reactors with increased 
bed height. 
Figure 2: Typical MS traces from breakthrough experiments: Mass 12 and 44 (M12 & M44) correspond to 
CO2, M=28 to N2, M=4 to He and M=18 to H2O. The breakthroughs of five reactors are shown. The 
horizontal axis is a time axis.
Figure 3 show typical three cycle capacity data for 26 different sorbents. Sorbents showing fast 
decaying sorption capacity can easily be distinguished from those exhibiting more stable performance. In 
Figure 4 the sorption capacities of the second cycle have been collected for a high number of sorbents. The 
Figure 3: A selection of results from the combinatorial search for novel sorbents for the SEWGS process.
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sorbents have been grouped according to their elemental compositions. Also included are the second cycle 
capacities obtained in a high number of sorption tests of two different reference sorbents. The variation in 
capacity of the reference sorbents indicate the natural spread in results for one single sorbent due to 
experimental instabilities,. For the Group 1-Group7 sorbents the spread in capacity data also reflect the 
different sorbent capacities obtained with sorbents having different loadings and molar ratios between the 
active elements, impregnation orders and intermediate thermal treatments. There are Group 1, 4, 5 and 7 
sorbents that have better capacities than the reference sorbent used, K-MG30 (similar to K-MG70, but 
lower Mg content). The best sorbent from these Groups will be the leads for further sorbent development 
where not only the sorption capacity will be in focus, but also the long term chemical and physical stability 
of the sorbent pellets.
Figure 4: Summary of high throughput sorbent evaluation showing cycle two capacity ranges obtained 
with the various groups of sorbents compared with the K-MG30 reference sorbent.
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